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Hgtwnolecuter-weight or ultra-high-molecuter-weight PAS Is prepared by: . 

a preliminary polymerization step of subjecting an alkali metal sulfide and a dihalo aromatic 
compound to dehatogenation and suWdation In a system where the am^rrt of an ap^ organte^ 
solvert u sed rs f rom02 to 5 kg per mo! of the alkali metal sulfide charged and where from 05 to 5 mot of 
w^te Wrt^ kg of the organic polar solvent, until the conversion of the dihato aromatic compound 

30 (from 5 to MO poise) (as measured at 31 0 C C under a shear rate of 200 sec and 
(2) a two phase separated polymerization step comprising: 

% adding water to the resultant reaction mixture such that from 5* to 15 md of water is present 
per kg of the organ* polar solvent in the reaction system wrthout separating the resultant preporymor from 

the reBcnon ^^ fre rd5U ttant preporymer. dispersing the thus separated prepo^ In an aprofe 
organic polar solvent containing from 53 to 15 mol of water per kg of the organic P*^**^ such that 
frwn 0.5 to 3.5 rnol of arylene group(s) 
00 
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(i) heating and maintaining the reaction system for at toast 10 minutes at a temperature (Ti) of 
from 257 to 290-C white stirring, the reaction system from step (I) (If) being h» a strongly aikafine condition 
(pH of the 10-fold diluted dispersion with water being not less than 
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PCM PROOUCtNQ A *>™ VAWYIENE SUt-FTOE 
„. _ . ^ -tetes te a process tor producing a polyarylene sulfide (heroioafter simply 

than about ^X) (7000 poise) (33 T^^^^^e^^^nU demanded as a 
in recant year,, thermoplastic re*ns ^g^^^stence ^^^^operfies capable 

rearing h trT>^c^^ «*" 
As a typical process for the production 0 ^^^f^ a r™ a ^ en disclosed in Japanese Patent 

" ^n^^wa^a^^^ 

^" in view of th« above situation, various methods of improving tha process for producing higb-n^ecular- 
welght PAS nave been proposed. mottm H as described in Japanese Patent PubUcation No. 

reaction between a canaw wwnouv w ^~ ^^h^ m ha* to bo added aoproximatety m an 

(K °^i; ^h'TSiSil!^ JaT?^ 1 apparent melt viscosity of several tens of thousands 
potaTSt ob^d^^^gt this meSSTS increasing the degree > on* by 
^ ^Hnwnn aaent. this PAS is a highly crossHnked or branched polymer, so that it « poor m 

be obtained, they are mechanically extreme since the ™ )ecu, ^ t **2 Jf ^^^L^. mav on the 
„ view of the loreg^ ^^^C-^^ 
polymerization ^chan.«naf «^£<*^£ aTneTpAS having a suSy high men viscosity at 
« r^TcT ^ ^ ESSS?^-*-- ^meta. 
R has been found m* PAS of -^JJ^JS^^^ 

'^^L^v^^tt^^ W pofymerizatton step (preliminary 

^^XS^^SSSt^^ seP^potymerization step Japanese 

4645826)]. 
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Anv of the methods as *»scrfbed above, developed by the present Irrventors can be said as a P™f* 
for ^^aC^^S^uiar-weight PAS by using a waterconttning organ* , poter sofcent as 

polymer, and continuous phase : a Bqutd phase poor In polymer), that Is, so to speak two-phase separated 

^Z^^ase separated po^mertzation process, It Is P^*^f£^s? S ESS 
ultra+igtvrnolec^ar-weigW PAS or a PAS by a high Po^**** 5 "*^^ 

hidustnaJly producing a PAS in a commercial plant, the dispersion phase reaches a so-called sticky state 
SSnTSrm^SSS in which the dispersion phase dropiets are an^kjamaled ^^1^ 
to^sTparticles and eventually to lumps. Therefore, the agitation of the stirrers end the <^^<**® 
«£7n«J!!b^S. difficult Accordtogty, i < ??S?SK 
otview, for Industrially producing an oltnvhiglvmolecuiar-weigW PAS or a PAS by a high polymer 

C ° n ^rTti^hcd as described in Japanese Patent Appfication ^^<^^^S SJf 
Patent No. 4845826) and the method of Japanese Patent APi^onLaW Open 

Patent No. 4645826) may be called a two-phase separated P°*™j^or. J» fus^of 
motecuiar-welght or intra-high^wlecular-welght linear PAS at an inexpensive cost with no substantial use of 
me^l^V^^oly^^ aid (organic add salt etc.). and each of them comprises a process 
S at^TeSnnJa preporynw™ rnalt viscosity from 5 to 3000 poise (as measured at 3»*C undera 
«J?Z2q the resultant prepolymer to about 240 to 290-C In a strongly afioflne 
wS-contalnlng apmtic organic peter solvent contemteg a sufficient 

BqukHiqutd two-phasa separated polymerization (dispersion phase -. a liquid l^edd* '"Z^T^JZZ 
SSocs phaseTa liquid phase poor In pofymer).thereby obtaining a potyarylene sulfide of higher 

"^ti^wo^hase separated polymerisation proceeds m this process, the dispersion phase is thought to 
beco^e^toT^us^Sy and to reach within the region of the seated "sticky .state" where 
Srl„7« drcpletfare (labia to bo amalgamated and hard tobe devided(the region is particularly 

wide in a high potymer-concentratlon recipe.) ^ MHtriAS aivJ 

Then, the dispersion phase droplets are amalgamated by mutual common, grown to coarse particles and 

30 ^fpralor^ontor, have made an intensive study on the mothodas doscrib^above for planting 
the dispersion phase from forming the sticky etate during polymerization and preventing the Aspersion 
ph^se^tets hem amalgamation or growing. Then it has been found that by conducting thetwo^a 
separated porymertzation m the reaction system containing the poiyarylene fxepojymer and from 5.5 to 15 

35 mol of water per I kg of an organic polar solvent by way of the following P**^*"** 

(1) heating and maintaining the reaction system at a temperature of from about 2S7 to about 290 C 

with stirring in order to form a Bquid-Cqijid-two-phase and to proceed polymerization. 

(Ti) lowering the temperature of the reaction system before the dispersion phase be^rr^ ^s^us 
and forms a sticky state, and stirring the reaction system at a temperature of from about 220 to about 

40 250°C for at least 2-0 hours, and oon-r w 

(IS) heating the reaction system. H necessary, to a temperature of fromabout 250 to about am C for 
a sufficient time to form a poiyaryiene sulfide of a desired melt viscosity with stirring, white the Aspersion 
phase droplets prevented hem amalgamation or growing and an oltra4iigh-niolecufar^ight granularPAS 
or high-ritotecular-weight granular PAS of an excellent handling property has been obtained, and based on 

45 the findings as described above, the present Invention has been attained. i^ lblr . 

In a first aspect of the present invention, there is provided a process tor pmduor^ a h^n-r^tecutar- 
wetoht or ultja-Wgh-niotecular^eight potyarytene sulfide of an excellent handling property, which the 

Pr0 ° e ©Tp^mLry polymerization step of subjecting an alkali metal sulfide and adihato aromatic 
50 compound to dehatogenation and sulfldation In a system where the amount of art aprotJc organic i polar 
soWused is froToTto 5 kg per one moi of the alkafi metal ^^3 charged and from OS to S™i of 
water is present together per one kg of the organic peter solvent, until the convorslonol 
compound charged reaches from 50 to 93 mor% and the molt viscosity of the resultant prepotymer roaches 
5 to 300 poise (as measured at 3K>"C undor a shear rate of 200 sec" 1 ), and . 
ss (2>Trwo-phasa separated porymorization step of adding water to the resultant reaction mixture such 

that from 55 to 15 moi of water is present per I kg of the organic poter solvent H the reaction system 
without separating the resonant prepolymer from the reaction system. 
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(I) hooting and maintaining the reaction system for at least K) minutes at a temperature {Ti) within a 
range of from 257 to 290*0 white stirring. 

(if) lowering the temperature of the reaction system and maintaining the reaction system for at least 
ZO hours at a temperature (T^ within a range of from 220 to 250*C while stirring, and 
6 (ill) if necessary", healing and maintaining the reaction system at a temperature (Ta) within a range 

of from 250 to 290° C for a sufficient time to form a polyaryiene sulfide of a desired melt viscosity white 
stirring. 

In a second aspect of the present invention, there is provided a process for producing a hlgh-motecular- 
weight or ute^igh-rholecuiar-weight polyaryiene sulfide of an excellent hancfling property, which the 
io process comprises: 

(I) a preliminary polymerization step of subjecting an alkali metal sulfide and a dihaio aromatic 
compound to dehalog ©nation and sulfidation in an aprotic organic polar solvent, thereby forming a 
prepolymer of a melt viscosity from 5 to 300 poise (as measured at 3J0*C under a shear rate of 200 sec~ f ). 
and 

ts (2) a two-phase separated polymerization step of separating the resultant prepoiymer. dispersing the 

thus separated prepdymer in an aprotic organic Jaolar solvent containing from 5.5 to 15 moi of water per I kg 
of the organic polar solvent such that from 0.5 to 3.5 mol of aryiene group therein Is present per I Kg of the 
organic polar solvent. 

(i) heating the thus obtained dispersion in a strongly alkaline condition (pH value of the KMbid 
2p diluted dispersion with water Is not less than QJS) and maintaining the reaction system at a temperature (Ti) 
within a range of from 257 to 290*0 for at least 10 minutes while stirring, 

(H) towering the temperature of the reaction system and maintaining the reaction system at a 
temperature (T$ within a range of from 220 to 250 "C for at least ZJQ hours while stirring, and 

(HQ If necessary, heating and maintaining the reaction system at a temperature (Ta) within a range 
25 of from 250 to 290 °C for a sufficient time to form a polyaryiene sulfide of a desired melt viscosity whfle 
stirring. 

to a third aspect of the present invention, there is provided a Wgh-motecular-weight or ultra-high- 
molecular-weight polyaryiene sulfide produced by the process of the first aspect or the second aspect 
showing excellent free flowing property and handling property, and having: 
30 an average grain size of from 0.25 to 3 mm, 
a bulk density of 025 to 0.8 g/ml. 

a sharp grain sire distribution with the grain size from 0-25 to 5 mm. and 

a melt viscosity of not less than 1000 poise (as measured at 3J0°C under a shear rate of 200 sec" 1 ). 

3S 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures I to 3 are, respectively, explanatory views Illustrating the temperature profiles in the experiments 
in Examples I to 3. 

40 The process for producing a granular PAS of an excellent handling property comprises conducting the 
reaction between an alkali metal sulfide and a dihaio aromatic compound under specific conditions. 



Alkali Metal Sulfide 

45 

The aBcaH metal sulfide to be used In the present invention can include lithium sulfide, sodium sulfide, 
potassium sulfide, rubidium sulfide, cesium sulfide and mixture thereof. Needless of say. aJkafi metal sulfide 
produced in situ are included. These aJkai metal sulfides may be used as hydrates, aqueous mixtures or in 
anhydrous forms. 

so Among the alkali metal sulfides, sodium sulfide is most Inexpensive and industrially preferred. 

A small about of alkali metal aJkcoddes and/or hydroxides may be used together for reacting with alkali 
metal bisulfides or alkali metal mtosuHates which may possibly be present in a slight amount in the aikal 
metal sulfide, thereby removing these impurities or converting them into harmless substances. 
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Oihalo aromatic compound 

The dBolo Momatfc "-^CSSCuS ^^"T^S 
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and the repeating unit of; 



30 



higher potyhato aromaflc ^^t^J^^^Z iLnpte tor a case where the monohaJo 
together tor forming a f-^^ ; ^^^ H ^ a ^ t to ^ sWIed In the art as a derivative of 
or potyhalo compound is an ^^J^^^^SdLribed above. According to the process of 
the monohato or potyhalo derivative of the s P^ c _^P'| s A X7™^oirtnant)v be obtained in the case 
tt» present invention, a highK* m ^ZT^^^T^^"<> 2m^, tor exampto. 
of not using the polyhalo compound. Whi^on the ^^^^ lS J^ aa<M m Z processabiity In 

preferred that PAS has no or toss branching or crossHnldng. 
Potymerizatton Solvent 

Among thorn. N-methylpyrToridone te particularly preferred. 
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The amount of the organic polar aohrem used in the «^bonaystem P^^V^V^ £51* 
particularly preferably. fr«n 0.25 to 2 kg par one mot of the charged «^» ffl ??JJ*^S^2^ 
pToTL^uTar^ group in the charged dhato aromatic con^ inj^dl tsscrtx* tater. 
and oar one mol of arytene group In the coexistent prepolymer m Method II also described later, 
respertvaly. The present invention has a great merit that a granular PAS of an excellent nar^r^erty 
Jb, produced even by a high porynw<onceritration recfpa of arylerw grw 
2.3 to 3.5 mol per t kg of the organic polar solvent 



ro Reaction apparatus 

Various steps in the polymerization process according to the present invents, among an. the 
dehydration step usually conducted tor the control of water content before the beginning of the P**^** 
tTreaSon^forming a prepolymer are preferably conducted ^^IT^^ZTZ ^^ 
,s least those parte m contact with toe reaction solution are c^strtuted ttanwm 

the decomposition of the solvent and the polymer and protecting products against contantinationa with 

to tt^pn^ert Invention, since the agitation Is Indispensable to the chemical granulation of PAS, a 
reaction vessel provided with a stirring device Is desired. 
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Production of PAS 

The production processes disclosed to Japanese Patent Application Laid Open (KOKAI) No. W-7332 
OJJ& Patent No. 4645826) and Japanese Patent Application Laid Open (KOKAI) No. 61-66720 (U.S. Patent 
No. 4645826). are typical two typos of the two-phase separated polymerization process the Inventors or the 
colleagues developed. The former discloses a process of at first forming a prepotymer. adding a large 
amount of water to the reaction slurry without separating the prepolymer from the reaction slurry, heating 
the resultant mixture, thereby causing phase separation at a Wgh temperature and torttier continuing the 
polymerization (hereinafter referred to simply as a process A). While on the other hand, the latter dfectoses 
a process of at first forming a prepotymer, separating the prepotymer once from the reaction solution then 
redlspersfrig the same into a water-containing fresh organic polar solvent, heating toe resultant nwtura. 
thereby causing phase separation at a high temperature and further continuing the polymerization 
(hereinafter simply referred to as a process B). 

Preliminary Polymerization Step 
(I) Method I 

to toe method I. a prepotymer is formed in the preliminary polymerization step and then the two-phase 
separated polymerization step is conducted without separating the prepotymer from the reaction solution. 

The preliminary polymerization step ot the Method I can be considered to belong to the type of the 
process A of U.S. Patent No. 4645826 in which the prepotymer is subjected to the succeeding step without 
seoaration from the reaction solution, but the polymerization conditions per sa for the preliminary poly- 
merization step are not always limited to those described In U.S. Patent No. 4645826 regarding the process 

Specifically In the Method L an alkali metal sulfide and a dtoalo aromatic compound are reacted In 
such a system where the amount of the organic polar solvent used m the reaction system is from 02 to S 
kg per one mol of the amount of the alkali metal sulfide charged (substantially identical with the amount per 
one mol of the dlhato aromatic compound charged) and from 05 to 5 mol of water is present tperl kg of the 
organic polar solvent at a temperature of from 180 to 240 "C. until the conversion of toe tftwlo aromatic 
compound charged reaches 50 to 88 mol% and the melt viscosity of the resultant prepolymer reaches iS to 
300 poise (as measured at 310°C under a shear rate of 200 see"') and then the two-phase separated 
potymenzation step is conducted by adding water to the reaction system without separating the resultant 
prepolymer from the reaction solution. 
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in tld* method, a dehydration procedure fe usually <^<i^dp^ to the P^m^on for the 
fonnanon of prepotymer for adfusting the water content '^^^J^^.Tl^t^J^ 
attcafi metal sulfide Is partially decomposed to form a strongly alkaline substance, the reacfion system 
shows a sufficiently strong alkali with no adjustment ._. „b«ji 

5 in the case of conducting the pofymerization according to the present * ^ 

such as alkali meteJ hydroxide or alkaline earth metal hydroxide, various lands ^J^TJzT 
mete, cerboxyiate, tUkafine earth metal carbonate, site* metal aJtonate. fij^cf^de. 
potassium fluoride, etc. can be added within a range not hindering the advantageous feature of the 
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IS 
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polymerization process" according to the present invention. . „ 

TOe convent of the dinaio aromatic compound in the present invention is calculated accord.ng to the 

foHow^formuUx^ ^ ^ amma£c compound (simply referred to as DHA) In a molar ratio 

in excess of the aikaH metal sulfide: 

DHA charged (moles) - Resi dual DHA (moles) , % 10Q 
Conversion - ^ cJiaxged {molQS ) - Excessive DHA (moles) 

(b) In other cases titan (a) above 

DHA cha rged (moles) - Residual DHA (moles). 100 

Conversion =- 3 : " 

DHA charged (moles) 



(2) Method K 

In the method II. the two-phase separated polymerization step is conducted after separating the 
prepotymer obtained by the preliminary polymerization once from the reaction slurry and the prefimmary 
polymerization step may be effected in any manner suitable to the purpose so tang as the resultant 
prepotymer has a men viscosity from 5 to 300 poise (as measured at 3M»C under a shear rate of 200 
sec"'). The preliminary polymerization step of the Method n ceo be said to belong to pioco^B In 
which the prepotymer Is separated from the reaction slurry and then subjected to the succeeding step, but 
the polymerization conditions per so for the preliminary polymerization step are not necessanly BmHed to 
those described in U.S. Patent No. 4645828 regarding the process B. 

One of specific examples of the reaction conditions for the prefimlnary polymerization step m sie 
Method II is the same for the polymerization condition employed In the preliminary polymerization step m 
the Method I (specifically, the amount of the arytene group and water per I kg of the organic polar solvent, 
the conversion of the charged dihalo aromatic compound, etc). 

The prepotymer obtained by conducting the preliminary polymerization step can be subjected to the 
two-phase separated polymerization step in a dry state as wen as in a wet state. 

Two-Phase Separated Polymerization Step 

Irrespective of the fact that the prepolyrner Is present In the reaction slurry of the preliminary 
polymerization step, or is separated from the reaction slurry of the preliminary polymerization, the 
wepotymer obtained in the preliminary polymerization step Is dispersed in an aptotic organic polar solvent 
containing from 5.S to 15 mol. preferably, from 64) to ELD mol of water per I kg of the oro^cfxto solvent 
in such a system that the amount of the organic polar solvent used is from 0.2 to 5 kg. preferably, from 0.25 
to 2 kg per one mol of the arylsne group in the coexistent prepolyrner In the case of Method It or per one 
mol of the charged metal sulfide (substantia^ identical with the amount per one mol of tie arrienegxoup of 
the charoed dihalo aromatic compound) In the preliminary polymerization step m the case of Method L A 
granular RAS of an excellent handling property can be produced even by a high ocaynwconcentration 
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redpe of aryteoe group in the pcepcOymer of from 2.3 to 3-5 mol per I kg of the organic polar solvents. Then 
the reaction system is maintained at first at a temperature (TO within a range of from about 257 toabout 
290-C, preferably, from about 260 to about 200 B C for at least » min, preferably, from 20 min to 20 hrs. 
white stirring. The temperature <Ti) may not necessarily be constant within the above-mentioned range, 
s Then, the temperature of the reaction system is lowered rapxtiy before the dispersion phase comes wto 
a "sticky state" and the reaction system is kept at a temperature (Tz) within a range of from about 220 to 
about 2SO*C, preferably, from about 230 to about 245- C for at least 2D hrs, preferably, from 3.0 hrs to50 
hrs. The temperature (Ti) may not necessarily be constant so tong as It is within the above-mentioned 

io ^^n the two-phase separated pofyrneiiratJon step according to the present invention, it is essential to 
keep the conditions of Ti. T 2 and the polymerization duration at the temperature. After the polymerization at 
a temperature of T 2 has been carried out for at least 2.0 hours, the polymerization can be continued of a 
temperature within the range of Tz unta a PAS having a desired melt viscosity Is obtained, or the 
polymerization can be continued by elevating the temperature of the reaction system again to a tempera- 
te tore (T>> a «*rtge of from about 250 to about 290 «C. preferably, from about 260 to about 280 'C. If it is 
required to shorten the subsequent polymerization time. 

The initial temperature (Ti) In the two-phase separated polymerization step is within a range as high as 
from about 257 to about 290-C, preferably, from about 260° C to about 2S0*C. so that the prepoiymer may 
be surely dissolved, thereby attain the formation of the BquW-fiquid two-phase separated situation. If the 
20 temperature Is lower than 257*0, dissolution of the prepofymer may be insufficient White on the other 
hand, if it is higher than 230°C, the sofvent or the polymer may be decomposed. Further, if the time for 
maintaining the reaction system at temperature <Ti) is less than JO min.. the Bquld-flquld two-phase 
separation may become insufficient since the dissolution of the prepoiymer is insufficient 

Then, the temperature of the reaction system is rapidly lowered and Instantly maintained within a range 
as of from about 220 to about 25Q°C, preferably, from about 230 to about 245 (Tz), so that the temperature 
of the dispersion phase Is towered in order to release a certain portion of monomers and oUgomors 
contained in the dispersion phase which are thought to cause amalgamation mainly, to the continuous 
phase, by a kind of fractionation effect, thereby preventing the amalgamation and growth when the particles 
in the dispersion phase collides with each other, tf the temperature is higher than about 250-C, prevention 
so for the amalgamation and growth of the particles in the dispersion phase is insufficient and. while on the 
other hand. If ft is tower than about 220 °C, the polymerization reaction rate in the dispersion phase is 
remarkably reduced undesirably. 

Upon rapid lowering of the temperature of the reaction system (Tt to Tz). prevention of the amalgama- 
tion and growth in the dispersion phase of the two-phase separated polymerization step can be attained 
35 more surely by once towering the temperature of the reaction system to a temperature tower than the 
predetermined temperature (Tz). particularly, below 230° C and then elevating again to a predetermined 
temperature (Ti). This may be attributable to the reason that if the temperature of the dispersion phase is 
lowered to the temperature (Ta). the release of the monomers and oligomers remains 'insufficient for a while 
and the amalgamation and growth of the particles may be caused, but if the temperature is lowered to less 
40 than Tz the release Is attained more surety. 

The temperature difference AT(*Ti -T 2 ) between Tt and T 2 is preferably from not less than 8°C. more 
preferably t from 9 to 70 °C, because this can surely prevent the amalgamation and growth of the particles in 
the dispersion phase of the two-phase separated polymerization step. As has been described above, the 
polymerization reaction can be continued at the temperature (Ta) until a polymer having a desired melt 
43 viscosity is formed. However, if shortening the polymerization time required, after the poiyrnerization at the 
temperature (Tz) for at toast 2J) hours, the polymerization reaction may be continue d until a PAS having a 
desired mstt viscosity is formed, by maintaining the temperature of the reaction system at (Ta) within a 
range of from about 250 to about 290*C. preferably, from about 260 °C to about 2B0°C. Whether or not 
temperature elevation up to Ti after polymerized at T* is conducted, the polymerization at T 2 has to be 
SO carried out for at least 2.0 hrs, preferably, from 3.0 hrs to 50 hrs continuously, tf the polymerization reaction 
at temperature (Tz) is conducted for toss than 2.0 hrs, the dispersion phase droplets may be amalgamated 
and growth to coarse particles or lumps, owing to the insufficient releasing of monomers and oligomers 
from the dispersion phase. Temperature (T a ) of higher than 280'C is not preferable since the solvent or the 
polymer may be decomposed, 
55 7^ two-phase separated polymerization is conducted under a strongly alkaline condition, that is, under 
such a corufition that pH of the KMoW diluted reaction slurry with water Is not less than 9 A preferably 95 to 

14. 
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m 1* ~. i i* 4*^ oivoCnitv of the reaction system Is Insufficient In the two-phase separated 
rJ^Z^TS ^^SSS^S agent, particulany. those soluble to me 

SSTSSL^S; "e^STSe ^^5^>. ox.de. hydroxide, carbona*. bora*. ~ of 

— iSKS'Cri'SS- Memod H. 1 required to at** a^ne condition in the two^ase 
separated polymerization step. 

Recovery Process 

Since the PAS obtained by me process according ^^^^"JT^ *" 
r^onertv it has a area* merit that me post treatment can be appbed with extreme ease. 
'"'TSi Tslurry can bTSs.hr discharged from a reaction vessel ^^^^n 

ootyiSSon reaction, and no substantial troubles occur due to the polymer '^"*^^ r ^£ 
Clo«r^^bvu^ia an ordinary screen (openings: about 0J mm), only the polymer particles can usuaBy 
Z I^IS^Z^^S^^ sieved polymer Is washed with wat^wrto so*** 
S^TetoTant ™Sary. with an acid aohiton. followed by drying to recover powdery PAS of 
excellent tree flowing property. 

Properties and Uses of the Produced PAS 

tha pas Droduced by the process according to the present invention Is excellent «i me tree ™™"a 
, l^ZZ^Z^X rldlod^or ponder transported, packing, storage ate, it t**>°~°*~* 
mTmett orocesslnq machine because It is freely fallen in a hopper during molt processing 
SlafJrS £T?AS?rod«ed by Ihe process according to the present invention is a Wgh^ecuto- 

s products w«h extremely high impect strength ^^"tl^^LTl composition mixed 

PAS produced by the process accorcfing to «<e present invention can be usee as a compo^uu.. 
wftnTleasTcS of synthetic resins such as polyphenylene sulfide copolymer, poly^-pheny^e sumde. 

^J^!T^%^oduced by the process according to the present invention can also be used as 

« m^rs. potassium titanata fibers. siBca fibers, calcium sulfate fibers and ^^^^J^ 6 ^'^'^"^ 
nS Sapowder. alumina powder, titamlum oxide powder, calcium carbonate powder, talc. clay. glass 
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The present invention is explained In owe detail in the following examples, however, it should be 
recognized that the scope of the present invention is not restricted to these examples. 



is 



20 



6 Example 1 

Experiment pa) 

tntoa 200 Bter autoclave lined with Ti and provided with a stirring device having a paddle-type agtatfo^ 
70 blade [plunger valve for discharge (clearance: K> mm) was disposed at the bottom]. U9 kg |of J4- 
methyl^olidcme (hereinafter simply referred to as NMP) and 250 mol of hydrous Na^S (soBd content 
45.98%) were charged and the temperature was elevated to about 203<>C under an N2 gas stream while 
stirring at 140 rpm to distill out 880 mol of water and K>-5 kg of NMP, Then, 247 mol of P^cWorobenzene 
(hereinafter simply referred to as p-DCB) and 3 mol of rrwficWorobenzene (heroinafter simply refen^trjas 
m-DCB) [(arylene group/NMP) - 2.5 (mol/kg). (total water contenVNMP) * 4.0 (moWcg)l were added and 
polymerized at 220-Cfor 5 hrs to produce a preporymer (mart viscosity: 50 poise. p-OCB corrve^:93 
mor%). 806 mol of water was former added to the reaction solution containing the preporymer ((total water 
COritenVNMP) = 10.0 (moMcg), (total arylene groups MP = SL5 (mol/kg)]. Then, the two^phase separated 
polymerization step was initiated while stirring at 140 rpm. ' mM ^ . wae 

That is the reaction system was maintained at a temperature <Ti = 28S*C) for 1.0 hr and then was 
cooled rapidly (down to a temperature of about 240 °C). and the temperature of the reaction system was 
instarrtry^ted to a ternperature (T* = 245 -C) (AT = Ti -T, - 20-C) and the reaction system was 
maintained tor 4.0 hrs at the same temperature. 

Soon after the reaction was over, the bottom plunger valve was opened to discharge the entire reason 
solution Vurry to a receiver. No substantial polymer was remained in the autoclave. pH of the »-foW ajuted 
reaction slurry wnh water was 10-5. The reaction slurry was drawn from the receiver and separated into 
polymer (granular) and other ingredients (salt-containing solvent) by using a screen (openings: 0J ^m^^ 
The polymer was recovered after applying acetone washlngAvater washing for three times repeatedly 
and drying. The resultant polymer was a granular high-fnolecular-weight PAS of a good handling property 
with an average grain size of 0.7 mm and a bulk density of 0.41 (g/mi) and having a melt viscosity vT ° 
3800 poise (solution viscosity n** - 0.35)- 

The melt viscosity ^ in the example according to present Invention is determined by subjecting the 
sampled reaction slurry to suction filtration, washing the solid content with water/acetone, filtering and 
drying at a reduced pressure at t00*C t molding the thus obtained powdery sample in a hot press at 320 C 
tor 30 sec. into a sheeHlke sample of about 0.2 mm in thickness, measuring a viscosity of the sample at 
310 *C by using a KOKArtype flow tester and determining a value corresponding to a shear rate of 200 
sec- 1 . The solution viscosity was determined for the powdery sample obtained in the same way by 
dissolving the sample into i-chkxo-naprrthaiene at a concentration ol 0.4 g/dl and measuring the viscosity at 
a temperature of 208 °C. 

40 

Experiment (lb) (Comparative Experiment) 

In the two-phase separated rjotymerization step in Experiment (la), polymerization was conducted at a 
45 temperature (Ti - 265 °C) and the polymerization reaction was continued tor 3.0 hrs. without towering toe 
temperature in the course of the polymerization reaction. After the polymerization reaction was over, the 
plunger valve at the bottom of the autoclave was opened to discharge the reaction slurry. However, the 
coarse particles polymer dogs toe valve clearance, by which about 15% of the polymer could not be dV 
scharged. The reaction slurry that can be discharged was applied with recovery process In the same 
60 manner as In Experiment (la) and the polymer was recovered. The thus obtained polymer was coarse 
particles of poor handling property with the average grain size of 6 mm. The melt viscosity of the polymer 
was 3600 poise U* = 034). 



30 



36 
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Experiment 0c) (Comparative frCTngjej 

~ .nt^two^haeesep^po^^ 

tempera^ CT, = 245.Q ^J^^T^i STS^eri^aaon reaction was over. the 
tOTparatura In the course todscharge the reaction slurry. There was no 

plunger valve at the bottom of the autocteve ??*°^^^^as flMhr powdery, the slurry wee 
substantial slurry remamedln the J^^liSSAo^sC^een (openings: 0J mm). In view of 
viscous-Ska mHk and the ^^^",^^^^^3 diluted, stood still over one day and one 
the above, the slurry was poured Into a ^J^^^^^Sg/^ator. washed with acetone^ater 
right to settle the po^er w^ separate * »»n0 ^JZs obS^potyrner was fine powder of an 
repeatedly for three oTmm. a bulk density of 0.2 

Example I are as shown In Figure L 
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Example 2 
Experiment (2a) 



[plunger valve tor discharge (ctoar^e: ^^fS^^S wasrfevated to about 204'C 
hydrous NsfcS (solid content 454*%) were ^ a ?^^ r^f^^ ^ aj leg or NMP. 248 mol of 
undeVan Nz gas stream whOe stirring at HO rpm Jtoj JJ^^J'S (mottafll was added and 
P^?B [(ary.ena group/NMP) - 2* ^^^^.^S Ol poise. p2cB conversion: 94 
Poiyrnerized at 220»C for S hrs to produce a prepolymer (melt viscosity: eu po»e. r~ 

mol%)- J ^.,thM,inmh B nzBnewerB added to the reaction solution containing 

503 mol of water and 0.70 mol of l^,5-tn^lorob«i^J^rBa«u . ^ (moMt g)]. Then. 

the prepolymer [(total water contenVNMP) - 63 ^^^^.^^ That Is. the reacfion 
the WptTase separated polymery step was tha^^ed rapidly, instantly 

system was maintained at a »mpw^ Oj " ™ m ^.£JZ n^nXd for 5.0 hrs. 
adjusted to a temperature (T* = 249°C)(AT - ^ T *. j£ owned instantly to discharge aB of the entire 
Alter the reaction was over, the bottom plunger autoclave. The pH of the 

reaction solution slurry to a receiver. NosoOstanfe! P^mer^s *mM to from ^ ^er end 
BMold d«uted reaction slurry wtt. , water ™"f^^™^Z™ advent) by using a screen 

— w^ =s?K r^iW^^- - - — * - 32000 



40 poise (solution viscosity fw« * 0-72). 



Experiment (2b) (Comparative Experiment) 

* the t^ase separated ^S C ^^J^^ 
conttnued while eetBng the temperature ^to254C<^ - • ^^.q no more be 

after the Initiation of the P^^J 4 ^^^^^ 2d tee bottom plunger valve was 
continued due to the overload- The*, the reactten ,was cover of the autoclave was 

opened, but most of the polymer could nrtbaj *25^t2LS55wtS a portion thereof was wound 
„ opened to find that the polymer turned coarser ^^^^^^^Y^on viscosity ^ - 
the agitation Wade. The melt viscosity of the polymer was a,uuu p™w» 



around the agitation 
0.52). 
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Experiment ( 2c ) (Comoarafiya EgggSgntE 

. ~ ... ^ on hns while maintaining the temperature of the reaction system at T* 

discharged. The slurry was milky similar to that In Eapenment (te). After treatment was applied in the same 
maimer as In Experiment (Ic) to re^ft^ymer- grain 
-The resultant polymer was a fine powder of an "^"^^^^^^ • aZ7W*nlS. 
size of less then OJ mm. a buik density of 0.22 faftnl) and ™J ^JL^J^ J^Ure 2. 
The temperature profiles In Experiments (2a) - (2c) in Example Z are cottectrvety shown to Figure 




30 



r~ J^T«lS2ff X^T-SSS S^-m-i-- 

poise (solution viscosity *m> ■ 0.74). 

Experiment p b) rnrwnparafive Experiment) 

ln ^ two^hasa separated potymeri^tion step m Experiment (3a). after maln^r^*ereac«en 
* rternoeTatLire (Tj - 249°C) only for 15 mln. and the potymenzatlon was <«ntoued white 
^ZX SpeTre £ of the region system to ^^3^ " 
reaction temperature (T,) reached 280 »C. stirring coukJ no more be ^.^^^^fl^Su^^ ^ 

Upon examining the Inside of the autoclave In the same manner as « B^mMt fljM*i««rton^ 
substantially similar to that in Experiment (lb). The meH visceslty of thejxriymer was 10500 poise (solution 

"^p^Jre°Zlas In Experiments (3a) and (3b) of Exampte 3 are cofiectrvely shown In Figure 3-3. 



40 



4$ 



SO 



65 



Example 4 

content/NMP) = 3.7 (mol/kg)!- . e hr , -rh B melt viscosity «• of 

A Dolvmer slurry was obtained by conducting polymanzatlon at 220°C for 5 hrs. The 
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jt3>. the polymer was sieved by using a screen 




Claims 

1 . A proc- tor producing a r^h-molecutar weight or uHr.WflMnotocuter weight pofyarylene s«.fido. 
which process comprises: , ^^^^ aXka ^ l mote j sulfide and a cHiato aromatic 

ST^rrem S to 300 poise) (as measured at 310-C rate of 200 3ec ). and 

(2) a two phase separated polymerization step comprtang: 

(0 „ t rrj^^o raich that from 55 to 15 moi of water is present 

tan 257 to 2»-C^aln<^«»»»^W^^^ ro . ( S 0W ^ ^^™" 

u *• Centaury cayitaMton step (1) « tan 025 B 2 kg pw ™» « "» 

* Ta p™~= » <**» ' « 2 - — * resl,,B,,, p< * w,en< ' S °*"* > " * P °"™' 

comprising the repeating unit _ 

83 Apr^^ing to any one of me preceding Cairns, wherein the resuilar* pofyarylene sulfide is 
" 8 "t^SKSt ny one of the preceding <**ns. wherein the difference between Ti and T, is 

not less than 8 6 C. vnhereln from 23 to 3.S moi of the said 

JXtt^ttttSSSZtt* p^oftheorgs.cpo* 

" ^£Soc^X m to any one of me preceding d^ms. further compri^ preparing molded 

products, films or fibers from the resulting potyaryiene sulfide. 

^Trugtwnolucular-welght or ultra^grwnoteculBr-wolght polyarylene sulfide having: 

an average grain size of from 0.25 to 3 mm, 
35 a bulk density of 0.2S to 0-8 g^ml, 

a sharp grain size distribution with the grain size from 0-25 to S mm and raw of 200 

a rneBvtecosity of not less than 100 Pas (1000 poise) (as measured at 310 C under a shear rate or 

seC). 
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Fig. I 
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Two- Phase Separated Polymerization ( hrs) 
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Fig. 2 



(Difficult Stirring) 
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Two- Phase Separated Polymerization (hrs) 
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(Difficult stirring ) 
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Two- Phase Separated Polymerization (hrs) 
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Of the halogenated aromatic compound* con- 
taining active hydrogen, those represented by gen- 
end formula (I) are preferred. Further, dihatogenat- 
ed aromatic compounds containing active hydro- 
gen are suitable and among them dichloroanHine is 
particularly preferred. 

In the present invention, the above-described 
various halogenated aromatic compounds contain- 
ing active hydrogen can be used singly or in com- 
bination. 

According to the present invention, potyarylene 
sulfides can be produced by reacting (A) the 
o3hafogenated aromatic compound with (B) the al- 
kafi metal sulfide "m the presence of (C) the haloge- 
nated aromatic compound containing active hy- 
drogen in (D) the polar solvent. 

Of the halogenated aromatic compounds con- 
taining active hydrogen represented by general for- 
mula (1), (fl) or (III), those in which Y represents an 
amino group can also be produced by reducing the 
nttro group of a halogenated aromatic nitro com- 
pound represented by general formula (IV). (V) or - 
(VI) in the reaction system. 
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Therefore, the method of the present mventon 
can also be carried out by reacting the dihatogenat- 
ed aromatic compound (A) with the alkafi metal 
sulfide (8) in the presence of a halogenated ar- 
omatic nitro compound (E) represented by general 
formula (IV), (V) or (VI). with optionally adding a 
reducing agent (F), instead of directly using the 
Halogenated aromatic compound containing active 
hydrogen (C). 

That Is. the halogenated aromatic nitro com- 
pound (E) represented by general formula (IV). (V) 
or (VI) and the alkali metal sulfide <B) or the reduc- 
ing agent (F) are reacted to form in the reaction 
system the halc^enated aromatic compound con- 
taining active hydrogen (C), whtch makes it possi- 
ble to produce poryaryiene sulfide by substantially 
reacting the dihalogenated aromatic compound (A) 
with the alkali metal sulfide (B) in the presence of 
the halogenated aromatic compound containing ac- 
tive hydrogen In the polar solvent (D), 

The halogenated aromatic compounds (E) are 
represented by general formula (IV). (V) or (VI) 
below. 



(X), 



(NO,) 



(IV) 



In general formula (IV), X and k have the same 
meanings as defined in general formula (I). 



35 




(NO,) 



(V) 



In general formula (V). Z, m. r and* have the 
same meanings as defined above. 



so 
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